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A laser diode which includes II–VI device structure directly grown on III–V device structure is
proposed. This idea makes possible one-chip-multiple-wavelength operation in the visible
wavelength region by the vertical integration of individual light emitters, which is demonstrated by
a ZnCdSe/ZnSe/ZnMgBeSe quantum-well structure for a blue-green light emitter grown by
molecular beam epitaxy directly on a metalorganic chemical vapor deposition grown InGaP/
InGaAlP device wafer for a red light emitting device. The feasibility of the II–VI/III–V complex
light emitter is demonstrated by optical-pumping experiments. Optically pumped lasing at 504 and
664 nm is achieved from II–VI and III–VI laser structures on one chip simultaneously at room
temperature with a threshold power of 115 and 84 kW/cm2, respectively. The present results clearly
show the feasibility of epitaxial integration of II–VI and III–V laser structures, which will stimulate












































onCompact multiple-wavelength light emitters attra
much attention due to increasing requirements for a mu
functional optical pickup module, ultrahigh density data st
age, color-variable light source, medical equipment, e
There have been many attempts to develop multip
wavelength light emitter sources.1,2 The usual approach is t
use two conventional laser diodes, but this solution ma
the optical pickup system complicated, difficult to assemb
and expensive. Another approach is a hybrid-integrated s
tion using two laser chips mounted in the same package3–5
but it is difficult to set a chip on accurate emitting positio
and complicated optical pickup is still required. Nemo
et al.6 reported a monolithic-integrated two-wavelength la
diode on a GaAs wafer in parallel direction, fabricated
multisteps of metalorganic chemical vapor deposit
~MOCVD! growth and sophisticated etching process. The
fore, a concept for multiple-wavelength light emitters
strongly required to solve the fundamental problems and
improve the device quality.
We propose a separated confinement heterostruc
single-quantum-well ~SCH–SQW! ZnCdSe/ZnSe/
ZnMgBeSe structure for a blue-green light emitter grown
SCH-multiple quantum well~MQW! InGaP/InGaAlP for red
light emitting devices for the one-chip-multiple-waveleng
laser diodes~LDs!. The merits of this structure are as fo
lows: ~1! lattice matching epitaxial growth could be achiev
a!Electronic mail: jssong@imr.tohoku.ac.jp4090003-6951/2003/82(23)/4095/3/$20.00












both III–V and II–VI materials on a GaAs substrate,~2! the
band gap of these material systems covers wide range f
blue to infrared, therefore various combination is possib
~3! both of the two material systems are well studied, ZnS
based materials are suitable for blue-green light emitting
vices and InGaP/InGaAlP red light source is commercia
available, ~4! moreover, the InGaP/InGaAlP light emitter
are usually grown on miscut~001! GaAs substrates to pre
vent natural ordering, it is expected that the crystallograp
tilt of the substrate has large positive influences on the m
terial quality and device performance of II–VI device,7–10
and ~5! simple packaging will be possible as a result
monolithic integration because emitting light will be place
in a few micron distances, which greatly simplify the desig
The purpose of this study is to demonstrate the feasi
ity of the proposed one-chip-multiwavelength device stru
ture. The SCH–SQW ZnCdSe/ZnSe/ZnMgBeSe structur
grown by molecular beam epitaxy~MBE! on the SCH–
MQW InGaP/InGaAlP device structure which grown on
GaAs~001! substrate tilted by 15° toward@110#. We used an
optical-pumping experiment to confirm the feasibility of o
proposed structure as a candidate for the multip
wavelength LDs.
Two-step epitaxy growth is adopted for the one-ch
multiple-wavelength LDs. ZnCdSe/ZnSe/ZnMgBeSe SCH
SQW structure was grown by MBE on MOCVD grow
InGaP/InGaAlP SCH–MQW structure, which was grown
~001! GaAs substrate tilted by 15° toward@110# direction.5 © 2003 American Institute of Physics
















































4096 Appl. Phys. Lett., Vol. 82, No. 23, 9 June 2003 Song et al.The MOCVD growth condition of the InGaP/InGaAlP stru
ture was reported previously in detail.11,12 Since the ZnSe-
based light emitting devices have been fabricated by M
on GaAs~001! substrates, one of the important growth issu
would be the growth of high-quality ZnSe-related materi
on tilted GaAs~001! substrates. GaAs buffer layers, the pr
treatment of Zn exposure on the GaAs in the initial grow
stage, and low-temperature-grown ZnSe~LT–ZnSe! buffer
have been adopted. In particular, LT–ZnSe buffer layer
the pretreatment of Zn exposure are introduced to obta
smooth surface and to facilitate high temperature growth
ZnSe layers.13 It has been demonstrated that such procedu
are crucial to the growth of high quality ZnSe layers w
excellent x-ray characteristics and optical properties, as
ported in our previous works.14 Based on such performance
in ZnSe layers grown on~001! GaAs substrate tilted by 15
toward @110#, high-quality ZnCdSe/ZnSe/ZnMgBeSe stru
tures were fabricated.
Specimens were mechanically polished to a thicknes
about 80 mm and cleaved for making mirror facets.
frequency-doubled, tripled Nd:yttritium–aluminum–garn
~YAG! laser~532, 355 nm! was used as an excitation sour
for optical pumping experiments, III–V structure is optical
pumped with 532 nm and II–VI structure is pumped w
355 nm excitation light source, respectively. In this letter,
tried an optical pumping experiment for II–VI and III–V
regions individually. This is attributed to vertically integrate
II–VI on III–V structure. If we use the wavelength of 35
nm for exciting II–VI and III–V regions, the excitation ligh
FIG. 1. Schematic drawing of~a! device structure for one-chip-multiple
wavelength lighter emitter, estimation of band alignment for II–VI blu












will be absorbed in the II–VI region. So, it will be difficult to
excite III–V section. The excitation light was irradiated no
mal to the sample surface and the emission was dete
from one of the cleaved facets.
Figure 1 shows the schematic diagrams of the QW str
ture of the multiple wavelengths light emitter for optic
pumping experiments. ZnSe layers are inserted in betw
the ZnCdSe QW layer and ZnMgBeSe cladding layers
minimize interface fluctuations.15 The QW structures of the
multiple wavelength light emitter consist of an 8-nm-thic
ZnCdSe QW layer, 100-nm-thick ZnSe act as a barrier a
SCH layer, 150-nm-thick upper ZnMgBeSe, and 400–nm
thick lower ZnMgBeSe cladding layer in the blue-green
gion, while 4-nm-thick InGaP QWs, 6-nm-thick InGaAl
barriers, 100-nm-thick InGaAlP SCH layers, and 100–nm
thick upper InGaAlP and 950–nm–thick lower InGaA
cladding layers in the red emitting III–V region.
Based on the previous reports of the band offsets i
ZnCdSe/ZnSe16 and ZnSe/ZnMgBeSe QW structure,17 the
band line up for the ZnCdSe/ZnSe/ZnMgBeSe QW is d
rived as shown in Fig. 1~b!. The band offsets for the conduc
tion and valence bands at the ZnCdSe/ZnSe interface
roughly estimated to be 278.4 and 41.6 meV, while those
FIG. 2. Light output vs excitation optical power characteristics measure
the room temperature from the~a! II–VI region of 300mm long cavity and
~b! III–V region of 600 mm long cavity. The excitation light source is































































4097Appl. Phys. Lett., Vol. 82, No. 23, 9 June 2003 Song et al.the ZnSe/ZnMgBeSe are 42 and 28 meV. Although the
lence band offset of 41.6 meV at the ZnCdSe/ZnSe interf
is small to achieve enough carrier confinement at room t
perature, the valence band offset of 28 meV at the Zn
ZnMgBeSe can help carrier confinement combine w
ZnCdSe/ZnSe band offset. The conduction band offset at
ZnCdSe/ZnSe interface is 278.4 meV, while 42 meV at
ZnSe/ZnMgBeSe. On the other hand, the band line up for
InGaP/InGaAlP QW structure18 is shown in Fig. 1~c!. The
band offsets for the conduction and valence bands of
InGaP/InGaAlP are 190 and 252 meV.
Figure 2~a! shows the evolution of edge emission spec
measured from the cleaved facet of the II–VI region with
cavity length of 300mm. Lasing occurred at the waveleng
of 504 nm above threshold at the room temperature, as
be seen from the clear threshold behavior. The thresh
power for lasing is estimated at 115 kW/cm2. The emission
spectra from the III–V region with a cavity length of 600mm
are shown in Fig. 2~b!. The lasing wavelength and thresho
power are 664 nm, and 84 kW/cm2, respectively. The com
bination of 504 and 664 nm wavelength could emit wh
color light, color temperature in the International Comm
sion on Illumination chromaticity coordinates is 3000 K.
Longitudinal modes and polarization dependence for
II–VI section are observed as shown in Fig. 3~a!. The mode
spacing is estimated to be 1.6 Å. The cavity length is cal
lated as 300mm using the relationDl5l2/2nL, whereDl,
FIG. 3. Observed mode spacing for the~a! II–VI blue-green section and~b!
III–V red section. Inset of~a! represents polarization dependence. The l














L, n, and l are the mode spacing, cavity length, refracti
index, and wavelength, respectively. We used the refrac
index of 2.69 for ZnCdSe. We regarded it as the value
ZnSe. It does not make any difference due to small Cd co
position of about 23%. This difference is within the resol
tion of our high excitation photoluminescence system. T
value agrees with the measured cavity length of 300mm by
optical microscopy. As an additional evidence for lasing,
have measured the polarization properties of the emis
above threshold. The emitted light shows strong TE polari
tion mode against TM mode with a polarization ratio of 29
~TE:TM!. The angle of 90° means the emitted TE mode lig
and analyzer have the same direction. And 180° repres
the emitted TM mode light and analyzer have the same
rection. It strongly indicates that the electron to heavy h
transition is dominant in the quantum well, which corr
sponds to the compressive strain regime in the ZnCdSe q
tum well. Figure 3~b! shows mode spacing for the III–V
section, estimated to be 1.0 Å at the cavity length of 600mm.
We used the refractive index of 3.625 for InGaP.
In conclusion, a ZnCdSe/ZnSe/ZnMgBeSe quantu
well structure for a blue-green light emitter grown on InGa
InGaAlP system for a red light emitter is proposed for t
one-chip-multiple-wavelength LDs. Optically pumped lasi
occurs at 504 and 664 nm for the II–VI and III–V section
the room temperature simultaneously. These results cle
show the feasibility of one-chip-multiple-wavelength LD
with a vertically integrated structure by a MBE grown ZnS
based blue-green light emitter on a MOCVD grown InGa
InGaAlP red light emitter for a variety of application fields
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